Here we report that near complementarity to mRNAs, between plant miRNAs and their targets suggests that particularly transcription factor mRNAs, is a general many plant miRNAs act similarly to small interfering trend for plant miRNAs. We have been able to identify RNAs and direct mRNA cleavage. The targeting of depotential regulatory targets for 14 of the 16 miRNAs velopmental transcription factors suggests that many studied by searching for mRNAs capable of base pairing plant miRNAs function during cellular differentiation with three or fewer mismatches to one of the miRNAs.
tides of this miRNA paired to complementary sites within these mRNAs when a single-nucleotide gap was permitted near the 3Ј terminus of the miRNA. Nonetheless, when searching for miRNA targets, permitting gaps did not substantially increase the number of targets predicted for the other miRNAs (data not shown). Perhaps a bulge is accommodated near the miRNA terminus more readily for miR163 because this miRNA is 24 nt in length, which is 3 nt longer than the other miRNAs queried.
In all cases where an miRNA was complementary to more than one mRNA, most of the potential targets were members of the same gene family ( Table 1 (Table 1) . by miR160 and miR167, which apparently target different members of the Auxin Response Factor family (Ulmasov et al., 1999). miRNAs than to the randomized sequences (Figure 1) .
When considering the significance of multiple hits to This difference was especially striking at higher strinthe same gene family, it is important to address the gency; when summing the hits with two or fewer mispossibility that these hits are merely the consequence matches, the number of hits to the authentic miRNA set of complementarity to a nucleotide sequence that enoutnumbered those to the randomized cohorts by a ratio codes a critical protein motif. Indeed, for miR161, of 30:0.2 (Figure 1 ). Considering the low probability of miR165, miR170, and miR171, the miRNA complemenso many antisense hits occurring by chance, we suggest tary sites were within the context of a domain strongly that these complementary sites reflect a functional conserved among family members, as shown for the relationship between the miRNAs and the identified miR165 complementary sites (Figure 2A ). Therefore, we mRNAs-that these protein-coding genes are regulatory cannot rule out the possibility that only a subset of the targets of the miRNAs to which they can potentially base hits for these miRNAs are authentic targets. This possipair.
bility is less likely in the cases of miR156, miR157, At lower stringencies, there were also significantly miR159, miR160, miR164, and miR169. The complemenmore hits with the authentic set of miRNAs than with tary sites for these miRNAs fell outside the conserved the randomized cohorts. Most of the 31 hits with three domains that define the families and instead fell within mismatches are viable miRNA target candidates, alsequence contexts that were only weakly conserved though a few are likely to be mRNAs with fortuitous among the family members, as shown for the miR156 complementarity, as judged by the observation that on sites within SBP-like mRNAs ( Figure 2B ). Indeed, there average the randomized cohorts hit 4.2 mRNAs when are examples where the conservation of the miRNA three mismatches were permitted (Figure 1 ). Some hits complementary sites among family members must be with four mismatches might also be genuine targets.
independent of conserved protein function. In the case However, they are not included in the present analysis of the MYB genes with miR159 complementary sites, because of the greater likelihood that their complemenfour genes translate the complementary site in the same tarity is fortuitous or occurs because they are targets reading frame, while the fifth gene translates the site in of unidentified miRNAs related to our query set of 16 a different reading frame. In four other cases (miR156/ miRNAs. 157 to At1g53160, miR156 to At2g33810, and miR169 to Potential regulatory targets with three or fewer misAt1g17590 and At1g54160), the miRNA complementary matches were found for 14 of the 16 miRNAs (Table 1) . sites are not in the coding regions at all but rather in Targets for the other two miRNAs might be identified the 3Ј UTRs, as illustrated for miR156 and its complethrough slight changes in the search algorithm. For exmentary sites ( Figure 2B ). ample, miR163, one of the two miRNAs without predicted targets in (Table 1) . When RNAs, represent 49 unique genes (Table 1) . Of these 49 predicted targets, 34 are known or putative transcription using a three-mismatch cutoff, six of the seven conserved miRNAs (miR156, miR160, miR164, miR167, factors (Table 1) , even though transcription factors are thought to represent only 6% of protein-coding genes miR169, and miR171) have at least one potential target gene in Oryza homologous to a corresponding Arabiin Arabidopsis (Riechmann et al., 2000) . Many of these genes specify shoot and floral meristem development dopsis target. As a control, an analogous study was performed using Arabidopsis hits to the cohorts of ranor, for those with unknown functions, are in families that have members involved in meristem development. For domized miRNAs; no miRNA complementary sites were found in rice homologs of these Arabidopsis hits, even example, the predicted targets of miR164 include CUP-SHAPED COTYLEDON2 (CUC2), which is required for when four mismatches were allowed.
The location of the miRNA complementary sites within shoot apical meristem formation (Aida et al., 1997), and miR165 predicted targets include PHABULOSA (PHB) the mRNAs was conserved between Arabidopsis and rice. Importantly, when there were differences between and PHAVOLUTA (PHV), which encode HD-Zip transcription factors that regulate axillary meristem initiation Arabidopsis and rice complementary sites within homologous genes, these differences were distributed evenly and leaf development (McConnell et al., 2001) . A miR159 predicted target, AtMYB33, can bind to the promoter of across the three codon positions (Table 2) the animal miRNAs that mediate translational attenuation might be relegated to 3Ј UTRs in order to avoid the These differences observed between plant and animal miRNA target recognition have intriguing mechanistic mRNA-clearing activity of ribosomes. The efficiency and finality of mRNA cleavage might require only a single implications for plant miRNA function ( Figure 3A) . Namely, plant miRNA target recognition appears to recomplementary site in each message, whereas the regulatory mechanism of lin-4 and let-7 miRNAs, which semble that of small interfering RNAs (siRNAs) much more than that of animal miRNAs. During RNA interferleaves the mRNA intact, might generally require multiple target sites. ence (RNAi), long double-stranded RNA is processed by Dicer into ‫22ف‬ nt siRNAs, which serve as guide RNAs
In presenting this hypothesis, we leave open the possibility that some plant miRNAs might not specify cleavto target homologous mRNA sequences for cleavage 
